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Claims 


1. An exhaust -gas processing apparatus provided with a tube 
with a gas introduction port formed at one end and a gas 
discharge port at the other end, with electrodes secured inside 
the tube with gaps therebetween, a circuit for applying voltage 
between the electrodes, and insulating oxidation catalyst bodies, 
with the above-mentioned electrodes comprising first electrodes 
with gas conduits formed in the external peripheral sections of 
their current -carrying bodies, as well as second electrodes with 
gas conduits formed in the internal peripheral sections of their 
current -carrying bodies. 

2. The exhaust-gas processing apparatus according to Claim 1, 
in which there are at least three electrodes described above that 
are secured in such a manner that there are gaps therebetween, 
and moreover with the above-mentioned first electrodes and second 
electrodes being arranged in an alternating manner, and in the 
above-mentioned [sic] voltage -applying circuit, with a switching 
circuit being included that is adapted to perform switching and 
to apply voltage between progressively more distant electrodes 
between either of the electrodes located at the two ends of the 
above-mentioned tube and other electrodes. 

3. The exhaust-gas processing apparatus according to 
Claim 1, in which the above-mentioned insulating oxidation 
catalyst bodies are produced in the form of porous plates and are 
interposed midway between the above-mentioned adjacent 
electrodes . 


[Numbers in the margin indicate pagination in the foreign text.] 


4. The exhaust-gas processing apparatus according to 
Claim 1, in which the above-mentioned insulating oxidation 
catalyst bodies are produced in the form of porous plates and are 
interposed between the above-mentioned gas discharge port and the 
above-mentioned electrode adjacent thereto. 

5. The exhaust-gas processing apparatus according to Claim 
1, in which the above-mentioned insulating oxidation catalyst 
bodies are formed as insulating supports of the above-mentioned 
electrodes . 

6. The exhaust-gas processing apparatus according to 

Claim 1, in which the above-mentioned current -carrying bodies are 
obtained by platinum electroplating. 

7. The exhaust -gas processing apparatus according to 
Claim 1, in which the above-mentioned gas conduits of the above- 
mentioned electrodes are formed in a spiral shape. 

8. The exhaust-gas processing apparatus according to 
Claim 7, in which the above-mentioned spiral gas conduits are 
formed so that the direction of their spirals is made 
alternatingly opposite for each of the above-mentioned adjacent 
electrodes . 

Detailed explanation of the invention 

This invention relates to an apparatus intended for the 
treatment of exhaust gases containing harmful and malodorous 
components, such as hydrogen sulfide, mercaptans, sulfur dioxide 
and other sulfur compounds, or ammonia, trimethyl amine, and other 
nitrogen compounds, in a spark-discharge electric field. 

Applications for an exhaust-gas processing apparatus 
converting exhaust gas containing the above -described harmful and 
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malodorous components into a harmless gas by introducing gas into 
an electric field wherein a spark discharge is carried out and 
electrochemically reacting it with the accompanying gases have 
previously been filed by the authors of Japanese Patent 
Application Nos. Sho 55 [1980] -11178 and Sho 55 [1980] -34337 . 
Namely, they were constructed in such a manner that first 
electrodes with gas conduits formed in the external peripheral 
sections of their current -carrying bodies, as well as second 
electrodes with gas conduits formed in the internal peripheral 
sections of their current -carrying bodies, were secured so that 
there were gaps therebetween inside a tube with a gas 
introduction port formed at one end and a gas discharge port at 
the other end, with the above-mentioned exhaust gas to be 
processed converted into an innocuous gas by introducing it 
through the above-mentioned gas introduction port, causing it to 
cross a discharge electric field formed between the above- 
mentioned electrodes while passing through the above-mentioned 
gas conduits and being discharged from the above-mentioned gas 
discharge port, thereby causing the above-mentioned components in 
the exhaust gas to undergo dissociation and ionization, followed 
by oxidation by the oxygen in the accompanying gases. 

In the case of the above-described processing apparatus, 
particularly if the apparatus was small (with a small diameter) , 
exhaust-gas processing was carried out efficiently, but if it 
were large, the contact between the exhaust gas and the discharge 
spark became insufficient, and its processing performance 
deteriorated. 

The invention was made by taking the above -described 
circumstances into consideration; its objective is to provide an 
exhaust -gas processing device constructed in such a manner that 
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due to providing insulating oxidation catalyst bodies in the 
above-mentioned tube of the exhaust -gas processing apparatus 
utilizing the above-described electrodes, the processing 
performance does not deteriorate even if the processing apparatus 
is large. A detailed explanation of application examples is 
provided hereinbelow. 

First of all, detailed explanations are provided regarding 
Application Examples 1-7. 

Key (1) denotes a heat-resistant insulating tube with a gas 
introduction port (la) formed at one end, and with a gas 
discharge port (lb) formed at the other end. 

Keys (2-5) denote four electrodes in an application example; 
they are secured inside the tube (1) so that there are gaps 
therebetween. Among these, (2) and (4) are first electrodes with 
right-hand spiral gas conduits formed in the external peripheral 
sections of their current -carrying bodies,' with each of them 
consisting of cylindrical current -carrying bodies (2a, 4a) # 
insulating oxidation catalyst bodies (2c, 4c) provided integrally 
with the external peripheral sections of these current -carrying 
bodies (2a, 4a), serving as supports for the electrodes (2, 4) 
with respect to the tube (1) , and having right-hand spiral gas 
conduits (2b, 4Jb) formed in the internal peripheral sections, and 
insulators (insulating oxidation catalyst bodies) (2d, 4d) 
integrated with the internal peripheral sections of the 
current -carrying bodies (2a, 4a) . Also, (3) and (5) are second 
electrodes with left-hand spiral gas conduits formed in the 
internal peripheral sections of their current -carrying bodies, 
with each of them consisting of cylindrical current -carrying 
bodies (3a, 5a), insulators (insulating oxidation catalyst 
bodies) (3c, 5c) provided integrally with the internal peripheral 
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sections of these current -carrying bodies (3a, 5a) and having 
left-hand spiral gas conduits (3Jb # 5b) formed in the external 
peripheral sections, and insulating oxidation catalyst bodies 
(3d, 5d) provided integrally with the external peripheral 
sections of the current -carrying bodies (3a, 5a) and serving as 
supports for the electrodes (3, 5) with respect to the tube (1) . 

The electrodes (2-5) are provided in a series with constant 
gaps therebetween, as shown in Figure 1, in such a manner that 
the first electrodes (2, 4) and second electrodes (3, 5) are 
arranged in an alternating manner. As a result, the gas conduits 
(2b-5Jb) are set in an opposite direction for each adjacent 
electrode . 

In addition, in the current -carrying bodies (2a-5a) , their 
surface of [illegible] or copper is electroplated with platinum. 
Also, in this application example, the catalyst bodies (2c-5c) 
and (2d-5d) consist of a crystalline clay mineral and zinc oxide, 
as well as manganese oxide, a crystalline clay mineral and zinc 
oxide, or a crystalline clay mineral and manganese oxide. Clay 
minerals, with the exception of allophane, which is amorphous, 
are used as the above-mentioned crystalline clay minerals. 
Generally speaking, commercially available kaolin, 
montmorillonite, and zeolite are preferable. Also, as for zinc 
oxide, there are no particular requirements concerning its 
purity, and commercially available ZnO is used. Furthermore, for 
manganese oxide, Mn0 2 , Mn 2 0 3 , and other common oxides are used, 
and they may contain a small amount of impurities. When a 
catalyst is formed by mixing the above-described eight 
components, not less than 2 0 wt% of the metal oxides (such as 
ZnO, Mn0 2 ) and not more than 80 wt% of the crystalline clay 
minerals are mixed together; catalyst bodies (2c-5c) and (2d-5d) 
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are molded in their respective shapes, followed by sintering at 
200-600°C. 

Key C designates a circuit intended for applying voltage 
between either of the electrodes (2-5) at both ends of the tube /3 
(1) (electrode (2) on the side of the introduction port (la) in 
the application example) and other electrodes (3-5). The 
configuration of circuit C is explained hereinbelow. 

(10) is a commercial alternating-current power supply. 

(11) is a step-up transformer, namely, a leakage transformer 
with a primary side of 100 V and a secondary side of 18,000 V. 

(12) is a main switch. 

(13) is a timing relay, with (13b) being the b contact point 
of its timing return, and with its preset operating time set to 
several seconds . 

(14) is a timing relay, with (14a) being the "a" contact 
point of its timing operation, (14Jb) being the "b" contact point 
of its timing return, and its timing operation time set to double 
the timing operation time of relay (13) . 

(15) is an electric current detector. 

(16) is a relay, with (16Jb) being its "b" contract point. 

(17) is a counter circuit, which is composed of (17a-17e) 
explained hereinbelow. 

(17a) is a counter, which generates a high level output when 
a high level input occurs four times. 

(17b) is a signal conversion circuit, which is a well-known 
circuit constructed so as to rectify an alternating signal input, 
converting it to an appropriate direct -current signal by 
adjusting the level and using it as input for the counter (17a) . 
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(17c) is a relay circuit, which is a circuit of a well-known 
construction intended for closing the return of relay (16) using 
the high level output of the counter (17a) . 

(17d) is an initial reset circuit, which is a well-known 
circuit constructed so as to reset the counter (17a) to a 
no- count state when the power supply for the counter circuit (17) 
is cut off once, then restored again. 

(17e) is a power supply circuit, which is a well-known 
circuit constructed so as to rectify the alternating power supply 
input to the counter circuit (17) and to obtain a direct -current 
power supply suitable for the operation of the counter (17a) by 
adjusting the level. 

(18) is a relay, with (18a) being its contact point (a) and 
(18b) its contact point (b) . 

(19) is a solenoid (normally protruding type) and (20) is a 
normally open switch interlocked with the solenoid (19) . 

(21) is a solenoid (normally protruding type) and (22) is a 
normally open switch interlocked with the solenoid (21) . 

The above constituent elements (10-22) are connected in the 
manner shown in Figure 1, so that circuit (C) is formed. 

In addition, the solenoids (19, 21) and switches (20, 22) 
are coupled in the manner shown in Figures 6 and 7. Namely, one 
end of levers (20b, 22b) # which have slits (20a, 22a) , is 
vertically supported on a horizontal plate (F) by shaft supports 
(20c, 22c), with the rods (19a, 21a) of the solenoids (19, 21) 
secured by (19b, 21b) to the slits (20a, 22a) . Male terminals 
(20d, 22d) then protrude at the other end of the levers (20b, 
22b) , whereas female terminals (20e, 22e) , which correspond 
thereto, protrude on the plate (F) . Also, insulating plates (23, 
24) (asbestos plates in the application example) are suspended in 
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the range of rotation of the levers (20Jb, 22b) using horizontal 
shafts (23a, 24a) . The levers (20b, 22Jb) are then normally in the 
position indicated with a solid line in Figures 6 and 7 due to 
being biased by the force of springs housed inside the solenoids 
(19, 21), so that terminals (20d) and (20e) , and (22d) and (22e) 
are in an open state. Also, the insulating plates (23, 24) are 
suspended between the two terminals (20d) and (20e) in such a 
manner that they shield (22d) from (22e) . 

A changeover circuit (S) is then formed using relays (13, 
14) and their contact points (13b, 14b), solenoids (19, 21), one 
of the elecrodes on either side of the tube (1) (electrode 2 in 
the application example) and electrodes 3-5 as follows: and 
switches (20, 22) interlocked therewith so as to apply voltage by 
progressively switching between initially electrodes (2-3) , then 
(2-4), and finally (2-5). 

The operation of this application example is described 
hereinbelow. 

When the gas to be processed is introduced from the gas 
introduction port (la) , the exhaust gas passes through the spiral 
conduits (2Jb-5Jb) inside the tube (1) in the direction indicated 
by arrows in Figure 1, then discharged from the discharge port 
(lb) . Because, in the process, the direction of the spirals of 
the conduits (2b- 5b) changes to the opposite for each of the 
adjacent electrodes, that is, either from right-hand to left-hand 
or from left-hand to right-hand, the exhaust gas swirls in the 
opposite direction when passing through each of the conduits 
(2Jb-5Jb) . 

Thus, when the switch (12) in the circuit (C) is connected, /4 
the relays (13, 14) and solenoids (19, 21) are put in operation. 
The rods (19a, 21a) of the two solenoids (19, 21) sink in .against 
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the force of the springs inside the above-mentioned solenoids 
(19, 21), the levers (20b, 22b) move to the position indicated 
with a two-dot chain line in Figures 6 and 7, the terminals (20c, 
22c) are caused to come in contact with terminals (20d) and 
(20e) , and the terminal (22d) is caused to come in contact with 
the terminal (22e) , so that switches (20, 22) are closed. At such 
a time, both terminals (20d, 22d) or relays (20Jb, 22Jb) come in 
contact with the insulating plates (23, 24) and push said 
insulating plates (23, 24) upward around the shafts (23a, 24a) in 
the manner shown with an alternating long and short dash line in 
Figure 7. High voltage is then applied between current -carrying 
bodies (2a-3a) , (2a-4a) , and (2a-5a) , so that a discharge takes 
place on part of the facing surfaces of current carrying bodies 
(2a, 3a) . This discharge is formed over the entire periphery of 
the facing surfaces of the current -carrying bodies (2a, 3a) 
because as the above -described exhaust gas passes through the 
conduit (2b) of the electrodes (2) and comes out rotating in the 
right-hand direction, the discharge point performs right-hand 
rotation and thus creates a left-rotating flame curtain of 
discharge sparks. For this reason, the exhaust gas that has been 
discharged from the conduit (2b) reliably crosses the above- 
mentioned flame curtain and enters the conduit (3b) of the 
electrode (3) . In the process, the components in the exhaust gas 
undergo dissociation, ionization, and gas discharge reactions. 

Upon the lapse of the preset operating time ? ( several 
seconds) of the relay (13) the contact point (13b) is 
disconnected and the solenoid (19) is brought to a nonoperating 
mode, so that the rod (19a) protrudes under the action of the 
force exerted by the spring inside the solenoid (19) . The lever 
(20b) is rotated to the position shown with a solid line in 
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figures 6 and 7, and the switch (2 0) is disconnected. At such a 
time the insulating plate (23) is brought in a suspended state, 
as shown in Figures 6 and 7 with a solid line, under the action 
of gravity, so that terminals (20d) and (20e) are disconnected 
from each other. Thus, no discharge takes place between the 
terminals (20d) and (20e) due to high voltage. 

Next, when the above-described switch (20) is brought to the 
open state, a discharge is carried out between the 
current -carrying bodies (2a-4a) in the same manner as described 
above by the high voltage applied between the electrodes (2-4) . 
However, because the electrode (3) is located between the 
electrodes (2-4), the electrodes (2-3), and electrodes (3-4), a 
discharge is carried out and respective flame curtains are 
formed, as described above, over the entire periphery of the 
facing surfaces of the current -carrying bodies (2a) and (3a) as 
well as (3a) and (4a) which constitute the electrodes. In 
addition, because the discharge point performs left-hand rotation 
between the current -carrying bodies (3a) and (4a) , the flame 
curtain performs left-hand rotation. Thus, the exhaust gas that 
has been discharged from the conduit (3b) of the electrode (3) 
crosses a left-rotating flame curtain between the current 
carrying bodies (3a-4a) and enters the conduit (4Jb) of the 
electrode (4) . The components in the exhaust gas that have not 
reacted between the electrodes (2-3) are subjected to 
dissociation and ionization between the electrodes (3-4) . 

Next, upon the lapse of the preset operating time of the 
relay (14) (which is several seconds after the lapse of the 
preset operating time of relay (13)), the contact point (14b) is 
disconnected, and the solenoid (21) is brought to the 
nonoperating state, so that the rod (21a) protrudes under the 
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action of the force exerted by the spring inside the solenoid 
(21) , the lever (22b) is rotated to the position indicated by a 
solid line in Figures 6 and 7, and the switch (22) is 
disconnected. At such a time the insulating plate (24) assumes a 
suspended position as shown with a solid line in Figures 6 and 7 
and terminals (22d) and (22e) are disconnected from each other. 
Thus, no discharge takes place between the terminals (22d) and 
(22e) under the action of high voltage. 

Next, when the above-mentioned switch *(22) is disconnected, 
discharge is carried out between the current carrying bodies 
(2a-5a) in the same manner as described above based only on the 
high voltage applied between the electrodes (2-5) . However, 
because electrodes (3, 4) are located between the electrodes 
(2-5), (2-3), (3-4), and (4-5), discharge is carried out and 
respective flame curtains are formed, as described above, over 
the entire periphery of the facing surfaces of -the 
current -carrying bodies (2a, 3a, 4a, 5a) , which constitute the 
electrodes. In addition, because the discharge point performs a 
right-hand rotation between the current -carrying bodies (4a) and 
(5a), : the flame curtain performs a right-hand rotation as well. 
Thus, the exhaust gas emerging from the conduit (4b) of the 
electrode (4) crosses a right -rotating flame curtain between the 
current -carrying bodies (4a-5a) and enters the conduit (5Jb) of 
the electrode (5) , so that the components of the exhaust gas that 
have not reacted between the electrodes (2-3) and (3-4) are 
subjected to dissociation and ionization between the electrodes /5 
(4-5). 

As was described above, the exhaust gas is continuously 
introduced into successive spark discharge fields and the . 
components in the exhaust gas are subjected to dissociation and 
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ionization in a reliable manner by providing extremely good 
contact with the discharge spark, so that gas discharge reactions 
are carried out in an extremely efficient manner. Moreover, 
because the exhaust gas changes its rotation to the opposite 
direction when passing over the conduits (2Jb-5b) , the contact 
between the discharge spark and the exhaust gas is made even 
better, and the above-mentioned dissociation and ionization are 
made even more efficient. 

Upon the lapse of the preset operating time of the relay 
(14), the contact point (14a) is closed, the relay (18) operates 
based on the detection output of the detector (15) , and the 
contact point (18a) is closed, with the relay (18) being brought 
into a self-holding state, while the contact point (18b) is 
opened, and with power supply to relays (13) and (14) being 
interrupted. 

When the above-mentioned flame curtain is extinguished and 
discharge is interrupted because of changes in the gas flow rate 
or for other reasons, the output of the detector (15) disappears, 
with the relay (18) being brought to the nonoperating state. For 
this reason, the contact point (18b) is closed, with relays (13) 
and (14) operating again and discharge being carried out again in 
the above-described manner. 

In addition, when the initial discharge was carried out, the 
detection output of the detector (15) was input in the counter 
circuit (17), and'the counter (17a) carried out the first count, 
followed by a second count when discharge was resumed again after 
having been extinguished. Furthermore, even when the discharge 
stops, in the same manner as described above, an operation that 
resumes the discharge, and the counter (17a) carries out a third 
count. When the discharge stops after the third 
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discharge-initiating operation has been carried out, in the same 
manner as described above, the output of the detector (15) 
disappears, the relay (18) is brought to a nonoperating state 
and, for this reason, the contact point (18b) is brought to a 
closed state. As soon as the relays (13) and (14) operate, the 
detector (15) performs a fourth current detection operation. When 
its output is input to the counter circuit (17) , the counter 
circuit (17) receives input for the fourth time. For this reason, 
the counter (17a) carries out a fourth count and supplies a high 
level output to the relay circuit (17c) , so that the relay 
circuit (17c) supplies an output that brings the relay (16) to a 
nonoperating state to the relay (16) [sic] . Therefore, the 
contact point (16b) is brought to an open state, and most of the 
circuit (C) is brought to a nonenergized state, due to which the 
above-described automatic discharge-initiating operation stops. 

After turning the switch (12) off, the causes of the 
cessation of discharge are investigated and appropriate measures 
are taken, and the switch (12) is turned on again. The counter 
circuit (17) returns to the clear state as a result of the 
operation of the initial reset circuit (lid) , and the circuit (C) 
carries out the discharge-initiating operation in the same manner 
as described above . 

Sulfur atoms ionized by the above -described discharge bond 
to the accompanying oxygen, forming sulfur trioxide, and nitrogen 
atoms become nitrogen gas, which is discharged from the discharge 
port (lb) . Because the sulfur trioxide produced in the processing 
of exhaust gas containing sulfur compounds is harmful, malodorous 
components are easily converted into sulfuric acid by bonding to 
water. If the gas discharged from the discharge port (lb) is 
mixed with water, it is released into the atmosphere as a 
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harmless agent. Also, nitrogen compounds can be released into the 
atmosphere without modification. 

In addition, during the above-mentioned discharge, the 
temperature inside the tube (1) increases due to the release of 
heat energy and, correspondingly, the temperature of the catalyst 
bodies (2c-5c to 3d-5d) increases as well. For this reason, the 
rate of the catalyst -based decomposition reaction accelerates and 
the oxidation of the components in the exhaust gas is greatly 
stimulated. Therefore, when the entire apparatus is made larger 
and the diameter of the current carrying bodies (2a- 5a) 
increases, the contact of the exhaust gas with the discharge 
spark deteriorates and it is impossible to carry out complete 
processing of the exhaust gas using only the above -described 
spark discharge. The proportion of nonprocessed gas discharged 
from the discharge port (lb) as is, albeit insignificantly, does 
increase, but since the oxidative action of the above-mentioned 
catalyst is enhanced as well, the exhaust gas is completely 
processed and discharged from the discharge port (lb) . 
Furthermore, because the current -carrying bodies (2a-5a) are 
electroplated with platinum, the oxidative action on the exhaust 
gas is further enhanced and exhaust -gas processing becomes even 
more complete . 

Application examples are shown below. The internal diameter 
of the tube (1) is 100 mm; the current -carrying bodies (2a-5a) 
are cylindrical and made of copper electroplated with platinum 
with an external diameter of 60 mm and an internal diameter of 56 
mm. Also, the cross-sectional area of the grooves of the conduits 
(2b, 4b) is 9.6 mm 2 with 12 grooves and the cross-sectional area 
of the grooves of the conduits (3b, 5b) is 16 mm 2 , with six 
grooves formed therein. Furthermore, the distance between the 
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electrodes (2-3) is 28 mm, the distance between the electrodes 
(3-4) is 24 mm, and the distance between the electrodes (4-5) is /6 
12 mm. Results obtained by carrying out processing at an applied 
voltage of 18 000 V, a discharge voltage of 6000 V, a discharge 
current of 80 mA, and an exhaust gas flow rate of 7.5 Nm 2 /h are 
shown next . 

Application Example 1 

In the case of a gas containing 1000 ppm of hydrogen 
sulfide, no hydrogen sulfide was detected in the gas discharged 
from the discharge port (lb) . 

In addition, when a liquid obtained by washing the above- 
mentioned discharged gas with water and a liquid obtained by 
washing the inside of the tube (1) after the test were subjected 
to analysis together, the results confirmed the presence of 
sulfuric acid in an amount equivalent to the processed hydrogen 
sulfide. 

In this connection, in the case in which the 
current -carrying bodies (2a-5a) were not electroplated with 
platinum and an ordinary insulating material that did not consist 
of a catalyst was used for the catalyst bodies (2c-5c) and 
(2d-5d) , the percentage of removal of hydrogen sulfide was about 
97%. 

Application Example 2 

In the case of a gas containing 1000 ppm of methylmercaptan, 
no methylmercaptan was detected in the discharged gas. 
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In this connection, in the case in which the 
current -carrying bodies (2a-5a) were not electroplated with 
platinum and an ordinary insulating material that did not consist 
of a catalyst was used for the catalyst bodies (2c-5c) and 
(2d-5d) , the percentage of removal of hydrogen sulfide was about 
98%. 

Application Example 3 

In the case of a gas containing 12 00 ppm of sulfur dioxide, 
no sulfur dioxide was detected in the discharged gas. 

In addition, when a liquid obtained by washing the 
discharged gas and a liquid obtained by washing the inside of the 
tube (1) after the test were subjected to analysis together, the 
results confirmed the presence of sulfuric acid in an amount 
equivalent to the processed sulfur dioxide. 

In this connection, in the case in which the 
current -carrying bodies (2a- 5a) were not electroplated with 
platinum and an ordinary insulating material that did not consist 
of a catalyst was used for the catalyst bodies (2c-5c) and 
(2d-5d) , the percentage of removal of sulfur dioxide was about 
92%. 

Application Example 4 

In the case of a gas containing 11.0% of ammonia, no ammonia 
was detected in the discharged gas. 

In addition, when the discharged gas was subjected to 
analysis, the results confirmed an increase in the amount of 
nitrogen, which was equivalent to the processed ammonia. 
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In this connection, in the case in which the 
current -carrying bodies (2a-5a) were not electroplated with 
platinum and an ordinary insulating material that did not consist 
of a catalyst was used for the catalyst bodies (2c-5c) and 
(2d-5d) , the percentage of removal of ammonia was about 95%. 

Application Example 5 

In the case of a gas containing 3 00 ppm of trimethylamine, 
no trimethylamine was detected in the exhaust gas. 

In this connection, in the case in which the 
current -carrying bodies (2a-5a) were not electroplated with 
platinum and an ordinary insulating material that did not consist 
of a catalyst was used for the catalyst bodies (2c- 5c) and 
(2d-5d) , the percentage of removal of trimethylamine was about 
98%. 

Application Example 6 

In the case of a carbonic acid gas containing 2.5% of 
hydrogen sulfide and 0.5% nitrogen (in this case the flow rate of 
the exhaust gas was 3.0 Nm 2 /h) , no carbonic acid gas was detected 
in the discharged gas. 

In addition, when a liquid obtained by washing the 
discharged gas with water and a liquid obtained by washing the 
inside of the tube (1) after the test were subjected to analysis 
together, the results confirmed the presence of sulfuric acid in 
an amount equivalent to the processed hydrogen sulfide. 

In this connection, in the cases in which the 
current -carrying bodies (2a- 5a) were not electroplated with 
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platinum and in which an ordinary insulating material that did 
not consist of a catalyst were used for the catalyst bodies 
(2c- 5c) and (2d-5d) , the percentage of removal of hydrogen 
sulfide was about 97%. 

Next, explanations are provided regarding the application 
example of Figures 8 and 9, in particular regarding the 
differences and similarities to the application example of the 
above -described Figures 1-7. 

In this case, the catalyst bodies (2c-5c) and (2d-5d) do not 
consist of a catalyst, and are formed from ordinary ceramics. 
Also, there are round plates (25) (porous plates) having numerous 
holes (25a) , whose construction is the same as that of the 
oxidation catalyst used in the above -described application 
example, with these plates (25) , in other words, insulating 
oxidation catalyst bodies, interposed between the electrodes 
(4-5) and between the electrode (5) and the discharge port (lb) 
as shown in Figure 8. 

Thus, the exhaust gas not processed by the spark discharge, 
is subjected to oxidation processing by the oxygen in the porous 
plates (25) . In addition, in this case, because the porous plates 
(25) are provided between the electrodes (4-5) and between the 
electrode (5) and the discharge port (lb) , the catalyst-based 
decomposition reaction can be carried out in an extremely 
vigorous manner. 

Because other constituent elements of its operation are the 
same as in the above -de scribed application example, they have 
been omitted. 

All of the above explanations refer to application examples, 
for instance, there is no need to provide a total of four 
electrodes (2-5), and there may be only two electrodes (2) and 
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(5) . Also, in the application example of Figures 8 and 9, there 
may be no porous plate (25) between the electrodes (4-5) , and 
there may also be no porous plate (25) between the electrode (5) 
and the discharge port (lJb) . Also, naturally, replacements of 
each component with equivalent parts are included in the 
technical scope of this invention. 

As was described above, in the present invention, most of 
the exhaust gas introduced in a discharge field is subjected to 
dissociation and ionization by the contact with the discharge 
spark and is then oxidized by the accompanying oxygen, converting 
this to a harmless gas. Moreover, exhaust -gas components that 
have not been processed by the above -described discharge are 
quickly oxidized and converted to harmless gas by the oxidation 
catalyst bodies (2c-5c) , (2d-5d) , and (25) [sic], which are 
heated by the energy released during the discharge. 

Brief description of the figures 

Figures 1-7 show an application example of this invention. 
Figure 1 is an explanatory figure of the entire cross section of 
the main portion, Figure 2 is a view of a cross section taken 
along line II -II in Figure 1, Figure 3 is an oblique view of a 
vertical cross section of an insulating support in Figure 2, 
Figure 4 is a view of a cross section taken along line IV- IV in 
Figure 1, Figure 5 is an oblique view of an insulator in Figure 
4, Figure 6 is plane view of a switch in a switching circuit in a 
voltage -applying circuit as well as its vicinity, and Figure 7 is 
a partically simplified view of a cross section taken along line 
VII-VII in Figure 6. Figures 8 and 9 are explanatory figures of 
vertical cross sections of main portions representing another 


application example of this invention, with Figure 8 being an 
explanation of vertical cross sections of main portions and 
Figure 9 being a view of a cross section taken along line IX- 
in Figure 8 . 

In the figures: 


1 , Tube . 

la. Gas introduction port. 

iJb. Gas discharge port. 

2, 4. First electrodes. 

3, 5. Second electrodes. 

2a-5a. Cylindrical current -carrying bodies. 
2Jb-5Jb. Gas conduits. 

2c, 4c. Insulating supports (in the application example 

insulating oxidation catalyst bodies) 

2d, 4d. Insulators (in the application examples, 

insulating oxidation catalyst bodies) 

3c, 5c. Insulators (in the application examples, 

insulating oxidation catalyst bodies) 

3d, 5d. Insulators (in the application examples, 

insulating oxidation catalyst bodies) 

C. Voltage -applying circuit. 

S. Switching circuit. 

20, 22. Switches. 

23, 24. Insulating plates. 

23a, 24a. Horizontal shafts. 

25. Porous plate. 
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Key: 17a Counter 

17b signal conversion circuit 
17c Relay circuit 
17d Initial reset circuit 
17e Power supply circuit 
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